Much has been written about the heating that takes place in damp or moist grain, but apparently no measurements have been made of thermal conductivity. In a previous publication by BAKKE and NOECKER (1) , it was shown that in oats in storage there is considerable variation in oxygen consumption even with oats of low moisture content. There is a general tendency for respiration to increase with the moisture content, although there is considerable variation. In certain localized areas where the grain is not sufficiently dry for storage, spoilage takes place owing to rapid oxidation of the grain. In these areas or "heat pockets" the heat generated has been largely retained owing to the fact that the grain is a poor conductor of heat. The work reported in this paper is an attempt to measure the thermal conductivity of oats stored at different moisture contents.
Stiles's method of measuring thermal conductivity The thermal conductivity of oats was measured by the apparatus developed by STILES (2, 3) in obtaining the thermal conductivity of heat-insulating materials. Briefly the method is to place the material to be tested between the ice vessel and the hot water tank, being sure that the upper temperature is constant at 320 F. Heat passage through the material to be tested is then determined by timing the water-level drop in the measuring tube which depends on the rate of melting of the ice in the cylinders.
The tank is a copper cylinder 14-1 inches high and 16 inches in diameter, holding approximately 100 pounds of water. The water is heated by a Bunsen burner. On account of the large heat capacity of the water, it has been found possible after a little practice to keep the temperature of the water constant to within one-half degree for hours. The water is kept in circulation by a stirrer which consists of two sets of vanes mounted on a short shaft placed in a brass cylinder 3 inches in diameter. The pulley at the top of the shaft is belted to a one-eighth horsepower motor and the water circulated through holes near the top and near the bottom of the cylinder. The By means of a cylinder of bakelite co-axially placed, the ice container is divided into two compartments, the outer one, which is about 3 inches wide, serving as a guard ring. Bakelite is used on account of its low thermal conductivity, lessening the possibility of transfer of heat into the cylinder. The cylinder is mounted on a short thin brass ring which is soldered to the bottom of the container. The top of the cylinder is machined out for a short distance down on the inside so as to contain a brass sleeve, which is threaded to mesh with the threads of the edge of the brass disk serving as a lid for the cylinder. The lid is slightly concave on the lower surface and has a hole in its center into which may be fitted a one-holed rubber stopper. Into this stopper is passed a glass tube the upper part of which has two bulbs. Two fine index marks are etched on the tube, one above and the other below the lower bulb. Further details concerning the apparatus may be secured by referring to the original articles.
In series 2 and 3 the oats were not weighed. Whatever oats were needed to fill the space between the two layers were used. In series 1 and 2 the thickness of the layer was 0.94 cm. In part of series 3 the layer was 1.48 cm. in thickness.
The general procedure has been adequately given by the junior writer and need not be repeated here. In order to make the calculations clear, however, it may be well to define some of the terms employed.
In making measurements in c.g.s. units, the specific gravity of ice is taken as 0.9164. For every 0.9164 gm. ice melted in the cylinder there is a volume shrinkage of approximately 0.0836 cc., and the water in the tube would decrease by that amount.
The volume of ice water contained by the lower bulb between the two marks of one of the tubes used was determined and for one of the tubes was found to be 3.87 cc. Therefore (3. In these studies the temperature of the boiler was maintained at or near 400 C. The moisture content was determined in the usual manner by taking a sample of the oats at the time they were tested. They were subsequently dried in an electric oven held at 1000 C. until there was no further loss in weight. In order to bring the oats up to the approximate moisture content desired, a measured amount of water was added to a weighed amount of oats and flasks were shaken at intervals for three days. At the end of this time the moisture was evenly distributed. All figure 1 it is found that in series 2 there is a general increased value in the thermal conductivity when the moisture content is raised. The range in moisture contents is between 9.54 and 32.49 per cent. and the thermal conductivities are found to be between 0.000153 and 0.0002455. The thermal conductivities of the air dried oats are practically the same in both cases, but the thermal conductivity of the oats with high moisture content is considerably higher than given in table I. In the first series there were 200 gm. of the oats in a layer 0.94 cm. thick; in series 2, the 0.94 cm. layer was filled with oats and leveled off regardless of the exact weight. This apparently produced a more uniformly packed layer. The correlation between moisture content and thermal conductivity became closer. figure 1 , the thermal conductivity of the air dried oats (9.877 per cent.) was 0.0001671, a little higher than in the previous two series. With a moisture content of 31.786 per cent. the thermal conductivity had arisen to 0.0002393. The graph drawn from the lowest moisture content to the highest becomes a straight line.
Discussion
In the data submitted and represented graphically in figure 1, It is evident that the moisture increases the thermal conductivity considerably, but even so the rate of heat movement through either dry or damp oats is extremely slow. STILES determined the thermal conductivity of wallboard and found it to be approximately 0.0001150. This value is somewhat lower than that given for dry oats (0.000153). Even with this difference, dry oats makes a rather effective insulating material.
In BAKKE and NOECKER'S (1) previous publication on the relation of moisture to respiration and heating, it has been pointed out that "heat pockets" are often formed. These areas are often restricted and well defined and are formed through the rapid oxidation of the grain and associated micro-organisms and the low thermal conductivity of grain even when the moisture content is high. Any method which will dissipate the heat will naturally operate against the low thermal conductivity and produce conditions which will secure a more rapid dissipation of heat. This will make for better storage conditions.
Summary
The thermal conductivity of dry oats has a value of about 0.000153, and increases directly with the moisture content. At a moisture content of 9.88 per cent., the thermal conductivity is 0.000153 and at 38.32 per cent. moisture, 0.000222 in c.g.s. units.
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